This study investigated elderly users' understanding of images and their perception of products. Various product function images served as testing samples, and participants were required to rank the various images. The results of this study revealed that the elderly participants easily recognized concrete images or images that were familiar. The elderly participants had various views concerning simplified images. Associative images that could not be associated with objects from daily life were not efficiently recognized. In the present study, we only explored the effect of shape and elements used on elderly people's understanding of images. The results of this study can serve as a reference for designers when constructing a product's user interface to be used by elderly people.
Introduction
Population aging is a global challenge and is occurring in both developing and developed countries. In an aging society, products and services cannot target only young people because elderly people are increasingly a substantial and crucial consumer group. Elderly people are typically unwilling to use new products; however, given sound design and instruction, age does not have to be a barrier to new product use (Bruder et al., 2014) .
Aging cannot be avoided, and the problems caused by aging can be physical, sensory, or cognitive (Lu, 2011) . The present study focused on cognitive problems such as memory decline, declining logical and thinking abilities, and slow reactions. These problems can negatively affect elderly people's independent life skills and willingness to learn.
In daily life, elderly people frequently interact with home appliances in various ways. The user interface of home appliances can be simple or complex. As is found on smart phones, the user interfaces of some washing machines and ovens contain both pictures and words, which help users operate the machine and obtain feedback. Intuitive use of a product interface involves the subconscious application of one's prior knowledge of the product in use. Gudur et al. (2011) investigated elderly adults and people with little prior experience with technology who use complex interfaces to determine whether their prior knowledge had any impact on their ability to use certain interfaces. They investigated interface designs with descriptive text, icons, and a redundant design with both descriptive text and icons to examine the participants' strategies for intuitive use of the interface. The main findings of that study were that people older than 65 years old completed tasks with the text-only interface faster than they did the redundant-design interface, and maintaining attention was critical to them completing tasks through the redundant interface design faster and with fewer errors. If the picture employed in a user interface is creative but cannot be understood intuitively by users, then the picture cannot effectively help users operate the machine (Chen, 2011) . In semiotics, an image is defined on the basis of prior experience and the use of symbols. However, with low prior experience in the use of electronic products and generational differences in the level of experience elderly adults have with electronic interfaces, using an image in an interface does not necessarily inform the user about how the product should be used; this is particularly pertinent because of differences in the images used, a possible decline in the cognitive abilities of elderly users, the probability of an interface causing an increase in cognitive load, and possible discouragement leading to a decrease in their willingness to learn. Elderly people with declining memory and visual function often have difficulties and feel frustrated when attempting to understand how to operate a machine, thereby affecting their motivation to use the machine (Bruder et al., 2014) .
A large percentage of elderly people live alone and elderly care is a crucial social issue. Therefore, safe and easy-to-operate products with friendly user interfaces should be designed for elderly people, enabling them to use the products required for daily life and maintaining their independence (Cai, 2004) . User-friendly products can meet the requirements of elderly people, reduce the burden on caregivers, and enhance elderly people's self-esteem. Numerous studies on the cognitive functions of elderly people, elderly care, image naming, and color comparison have been conducted; however, few studies on intuitive and interactive image design have been performed from the perspective of elderly people's declining cognitive functions and visual semantic transformation. In addition, there are no detailed design methods currently used by researchers or designers to address this issue. Brambati et al. (2006) investigated how patients with a neurodegenerative disease named and categorized objects and discovered that they used different parts of their brain to define the semantic features of living and nonliving entities. Humans were demonstrated to define the semantic features of living entities based on their sensory characteristics and the semantic features of nonliving entities based on their action characteristics. Harrington et al. (2007) used a naming test in their cognitive research and investigated neural activities related to imagined writing and drawing, which were considered to be complex cognitive behaviors. Drawing involved profound semantic processing through perception, whereas writing involved lexical conversion (e.g., naming and spelling). They revealed that neural responses in the anterior motor cortex, inferior frontal gyrus, posterior inferior temporal lobe, and parietal lobe were similar during drawing and writing. Although both drawing and writing can elicit a neural response, drawing is highly stimulating to the brain and extremely useful for stroke rehabilitation and aphasia treatment.
Researchers have used various methods to categorize images. Images can be a simile or metaphor (Sun, 2002) ; for example, the image of a phone receiver symbolizes making a phone call, or an object can be associated with a cultural symbol. Chen (2014) revealed that users with a high education level may prefer recognizable images. Some researchers have used the outline of an object to determine how people understand a simplified image. Xu (2010) simplified the contour of an image to investigate the relationship between preference and simplification and revealed that the preference of untrained subjects was negatively correlated with image simplification; thus, people with no design background did not prefer simplified images to more complicated images. Symbols are used so widely because of our complex cognitive processes, through which abstract concepts can be visualized and understood. For elderly people with declining cognitive functions, the semantic conversion of symbols is time-consuming and easily leads to misunderstandings. Currently, the user interface of home appliances often contains buttons with multiple functions; however, the words or images on such buttons cannot completely express what the button is for due to limited space. Because the physical and cognitive functions of elderly people are in decline, they often have difficulty intuitively understanding the user interface of a product; accordingly, they may feel frustrated and anxious and lose motivation to use the product. In the present study, we investigated how elderly people understood images and symbols in a user interface. Building and designing a friendly environment helps elderly people live independently, so we aim to design a user interface according to how elderly people understand images and symbols. The results of this study can serve as a reference for designers when constructing their user interface.
Methods

Subjects
In this study, 25 elderly people (10 women and 15 men) participated who were between 65 and 93 years of age (average age = 71.8 years; SD = 7.6 years). We did not classify the participants into age groups because this is an initial discussion of an experiment designed to elucidate the cognitive processes of elderly adults' interpreting the meaning of images in user interfaces. The recruitment criteria were as follows: (1) no injuries to participants' hands or limbs; (2) participants' vision was normal or corrected to normal; (3) participants could speak clearly, had a normal mentality, and did not have a neurodegenerative disease; (4) participants typically operated one or more home appliances in their daily life; and (5) participants were elderly people who could live independently. Those who did not meet the recruitment criteria were not invited to participate in this study.
Task Design
In the present study, we investigated how the user interface of a product should be designed for use by elderly people. Before the experiment, we investigated the user interface of existing home appliances on the market (e.g., oven, hot plate, washing machine, microwave oven, electric fan, stereo, and television remote control) and summarized the commonly used function icons, which were divided into six groups: (1) reservation, (2) cooking, (3) adjustment, (4) switch, (5) timing, and (6) menu functions. Each group consisted of five sample images (realistic or abstract). Each sample image was designed in black and white. The size of each sample image (2 × 2 cm2) was identical to the typical size of an icon in a user interface (Table 1) . 
Menu function
A tablet personal computer (PC) (Samsung Tab 7.0) was used in the experiment. A one-onone interview was conducted with each participant, the duration of which was not constrained. Each participant was allowed to make one mistake when the first group of sample images was used for the experiment. The interview was undertaken at each participant's home to avoid disturbance.
Prior to the experiment, the author explained the purposes of this study and the sources of the research samples to the participant and obtained the participants' consent to participate. Subsequently, the participant was informed that six function groups were employed in this experiment, with each group consisting of five images. The images were presented on the tablet PC. The author first explained the function of the images on screen, speaking slowly, and asked the participant questions (e.g., "This is a reservation function button that we can use if we want to set the rice cooker to come on at noon. Please list the following five images from most to least recognizable").
As a participant was performing the task, the author recorded their oral rankings of the images. If the participant encountered difficulties, the author would help the participant. If a participant encountered problems when the first group of images was presented (e.g., the participant did not understand how to perform the task), the author again explained how to perform the task, using language that the participant could understand. The sample images were presented in following order: reservation function, cooking function, adjustment function, switch function, timing function, and menu function. Each participant had only one chance to perform the task, and after a participant finished ranking a group of sample images, they were requested to rank another group of sample images. The images were all presented in the same sequence for all participants.
Results
The purpose of this study was to investigate how elderly participants understood functional product images and to identify which image characteristics lead to rapid recognition by elderly people. We invited participants to rank images to determine whether and how they understood the images. SPSS was used to analyze the ranking data and Kendall's coefficient of concordance (W) was employed to evaluate the ranking consistency among various sample images. Images that ranked first, second, third, fourth, and fifth scored 1, 2, 3, 4, and 5 points, respectively. The analysis results are presented in Table 2 . The degree to which the sample images were recognized for each function was as follows, ordered from most to least recognized: a, c, e, d, and b for reservation function; e, a, c, d, and b for cooking function; c, d, b, e, and a for adjustment function; a, d, e, b , and c for switch function; e, d, b, c, and a for timing function; and b, a , d, c, and e for menu function.
Agreement on the recognisability of images in each group was significant and consistent. The menu function images did not achieve significance because the participants found no marked differences among the images and thus could not easily rank their recognisability.
Discussion
Among the reservation function images, the participants determined that Samples a and b were the most and least recognizable images, respectively. Sample a contained a number ("24"), which helped the participants intuitively understand that this image was for setting a time frame; however, Sample b easily misled users (for example, some participants said that Sample b was for setting a half-hour time frame or denoted a timing function).
Among the cooking function images, the participants found Samples e and b the most and least recognizable, respectively. Sample e used a frying pan to express the cooking concept. The score for Sample a was similar to that of Sample e; however, some participants reported that Sample a might denote cooking soup. Most participants did not recognize Sample b, which uses a chef's hat to express the idea of cooking; some participants thought that Sample b was the image of a toaster. The two-dimensional image in black and white for Sample b probably rendered it difficult to recognize.
The participants reported that Samples c and a were the most and least recognizable adjustment function images, respectively. Sample c used plus and minus symbols to indicate adjustment, thereby enabling the participants to find the function quickly. Some participants found the circles surrounding the plus and minus symbols in Sample d confusing because the circles appeared to be more noticeable than the symbols. Sample a, using arrows to indicate adjustments, was not intuitively understood by the participants, who needed to think about it before they understood it.
Among the switch function images, the participants reported that Sample a was the most recognizable image and Sample c the least. Sample a is the most commonly used in user interfaces, so the participants will have frequently used Sample a in their daily life, resulting in intuitive recognition. Therefore, images familiar to users should be employed for user-interface design to help users understand functional meanings. Other participants easily recognized Sample e. Sample c contained a dotted curve and numerous participants had difficulty understanding this image.
The participants reported that Samples e and a were the most and least recognizable timing function images, respectively. Sample e represents a stopwatch and was not excessively simple or complex, thereby directly expressing the function represented in this image. Sample a resembled Sample e, containing a stopwatch and a hand; however, the image of the hand affected most participants' understanding of Sample a.
Sample b was reported to be the most recognizable menu function image, and Sample e the least. Most participants intuitively recognized Sample b because this image is frequently used in user interfaces to represent settings. The score for Sample a was similar to that for Sample b because Sample a contains a list of items, which was intuitively understood by some participants. Sample e was excessively simple and the participants needed to perform a semantic conversion to understand this image. The elderly people found an excessively simplified image difficult to understand.
Images are a type of two-dimensional expression, whereas words are a type of onedimensional expression. Humans typically receive information visually; images can attract viewers' attention, can easily be understood, and can more efficiently express meaning than words. The application of images changes with time. Some images do not necessarily have a meaning, but this can change once a receiver has successfully interpreted the image.
Conclusion
In human-computer interactions, mental models are used to explain the cognitive processes users employ to understand how to operate an interface, specifically the interface architecture, function, and internal operation. The cognitive processes that users adopt are based on a combination of user-perceived external messages and prior experience. The sample of participants in the present study comprised middle-aged and elderly people with different life experiences and from different cultural backgrounds, some of whom exhibited varying degrees of physical and mental decline, thus providing a diverse sample of participants with notable individual differences.
Image design involves cognitive psychology and visual perception. To meet user requirements, image designers need to understand users' perception of images. Chen (2011) proposed four types of images: concrete, abstract, compulsive, and integrated images. Concrete images refer to images that are highly associated with objects familiar to users, whereas abstract images can be used to express the concept of an object that is familiar to users. Compulsive images refer to images that are highly frequently used, and integrated images are typically employed to express complex messages or abstract concepts.
Image designers and receivers should reach a consensus on image design to reduce cognitive differences in the understanding of images and help users easily obtain required information. Excellent design rules are thus required for the design of a useful image. In the present study, we explored what types of images effectively helped users understand the functions of home appliances without the assistance of words. According to the results, we propose the following suggestions:
Some participants reported that the timing function images resembled the reservation function images, which should be addressed and remedied. For example, the image of a clock could be used solely to represent reservation functions, whereas numbers could be used in timing function images. In future studies, how to discriminate timing function images from reservation function images should be investigated.
Excessively simplified images containing dotted lines or simple lines cannot be easily interpreted and understood.
Excessively complex images also cannot be easily understood. For example, Sample a for the timing function has a large hand holding a small clock, so the clock does not quickly attract the attention. Therefore, simple and clear images should be designed for user interface; otherwise, the images may not attract users' attention or be understood efficiently.
Sample e for the adjustment function was an indicative image, using speakers and plus and minus symbols to indicate the adjustment of a volume level; thus, the image did not directly refer to something but required interpretation through the association of ideas.
With the development of science and technology, computer hardware and software in two aspects of progress, making the interaction between the computer and the user interface type and mode of operation played a significant change. On the hardware side, "visual display terminals "is presented to the "computer screen"; in software, information is presented in a way that "terminal technology" is linear-oriented. To the graphical interface changes. So that the "user interface type" from the programming language to the WIMP (windows, icons, menus and pointing device). Current user interfaces mainly consist of images; however, because of the limited size on a user interface, images cannot always deliver precise messages to users and words are still crucial for users to be able to operate a product. Suitable images should be simple, recognizable, understandable, and attractive. Various types of images can be designed because-in addition to shape and elements-sound, color, and dynamic presentation can affect message transmission and functional operation. These factors can affect elderly people's understanding of images. In the present study, we explored how shape and elements affected elderly people's understanding of functional images.
This study investigated elderly people's understanding of images and the results of this study contribute greatly to the literature. Future studies on image categorization should be conducted. We suggest that in future studies, participants should be divided into two groups-those with and without experience in operating home appliances-to determine the effect of user experience on the understanding of images. Whether a user interface containing only images and no words can effectively and efficiently convey functional messages to users remain to be investigated.
